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INTRODUCTION 
Symmetrical trinitrotoluene is stable in the presence 
of moisture, but , the nonsymmetrical trinitrotoluenes per-
mit replacement of a nitro group with the formation of a 
nitrated cresol and nitrous aCidl . Nitrated cresols form 
salts similar to the picrates. To avoid these nonsymmet-
rical trinitrotoluenes the Ordinance Department, U. S. A., 
requires that Grade I trinitrotoluene have a solidification 
point of at least 80.2oC. 2 • 
Numerous methods for purifying the crude tr1nitrotol-
uene and others for separating the nitrotoluenes have been 
suggested. The alpha trinitrotoluene may be separated by 
selective solution of the others and nitro derivatives 
in 180 proof alcoho13 , hot 100% sulfuric acid4 , carbon te-
trachloride and alcoho15 , and dilute solutions of sodium 
sulfite6 • The separation of the mononitrotoluenes is ac-
complished by distillation at reduced pressure followed by 
l Whi tmor·e, . I'~rank C. Organic c hemistry. New York, 
~. Van Nostrand Co., Inc., 1937 . p.734. 
Furman, N . H. (ed.) Scott's standard methods of 
analysis. 5th ed. New York., D. Van Nostrand Co., 
Inc., 1939. v II, p. 1681. . 
3Smith, G. Carlton. TNT, trinitrotoluenes and 
mono- and dinitrotoluenes their manufacture and 
properties. New York, D. Van Nostrand Co., Inc., 4918 • pp. 53-54. 
Ibid. pp. 54-55. 
5Ibid. pp. 55-56. 
6Davls, Tenney L. The chemistry of powder and 
explosives. New York, John Wiley & Sons, Inc., 
1941. v I, p. 145. 
fractional crystallization7 . 
The only satisfactory method known for producing 
Grade I trinitrotoluene is the sodium sulfite rinse. In 
this process, the crude trinitrotoluene is rinsed several 
times with boiling water and then with a five per cent 
solution of sodium sulfite8 and followed by dilute acid 
rinses until the acid9 washings are colorless. 
The boiling water rinse has a definite yellow color 
and probably contains small amounts of many of the trini-
trotoluenes, dinitrotoluenes, nitrated xylenes, trinitro-
benzene, inorganic salts, sulfuric acid, and nitric acid 
and its reduction products. 
2 
The sodium sulfite treatment produces a deep red water 
probably containing an addition product of sodium sulfite 
and toluenelO , the majority of the nonsymmetrical trinitro-
toluenes as dintrotoluene sodium sulfonatesll , an addition 
product with trinitrobenzene12 , oxidation products contained 
in crude trinitrotoluenes13, the sodium sulfonate of tr1ni-
tromethane14, and lead salts 15. It 1s to be noted, that the 
sodium sulfite does not react with the dinitro derivatives 
7Groggins, P. H. (ed.) Unit processes in organic 
synthesis. New York, McGraw Hill Co., Inc., -1938. §. 47. 
DaVis, OPe cit., p. 145. 
gsmith, OPe cit., p. 56. 
1 Muraour, M. H. Action du sulfite de soude sur 
quelques derives trinitres et sur le tetraintro-
methane. Purification de la tolite. Bull. Soc. 12him • v 35, p. 373 (1924). 
Ibid. pp. 370-371. 
l2Ibid. p. 373. 
l3Ibid. p. 373. i~Ibid. pp. 371-372. 
Ibid. p. 373. 
3 
of benzene and toluene16 , nor does it react with trinitro-
metaxyl ene17 • 
The yellow and red waters are produced in a ratio of 
one to three, and their combination produces approximately 
eight and eight-tenths pounds of water per pound of puri-
f ied trini trotol uene18 • This combined water is of or-ange 
color. 
A typical analysis of this waste reported by Schott 
and Ruchhoft19 is given in Table 1. 
TABLE 1 
























16Ibid. p. 373. 
17Ibid. p. 374. 
18Erickson, A. Private Conference. 
19Trlnitrotoluene wastes. Chern. & Met. Eng. 
v 50, no. 4, pp. 180-181 (1943) 
20p .p .t. shall be used throughout this thesis to 
mean parts per thousand parts of waste water as-
suming a depsity of 1 unless otherwise stated. 
4 
The combined water is the influent to the waste dis-
posal section. After neutralization with a fifty per cent 
solution of sodium hydroxide2l , the combined water is fed 
to the first effect of the quadruple effect evaporators. 
The concentrated liquor which shall be called thick liquor 
is a very deep red colored solution which migh'~ be mistaken 
for black on a casual examination. This contains approxi-
mately 35% solids21a • 
This thick liquor is stored until enough is available 
to warrant starting the incinerator and burning the waste. 
The ash is later diluted with condensate from the evapora-
tors and discharged into the stream. 
The waste sulfuric acid containing the oxides of ni-
trogen is passed countercurrently through hot flue gases 
to recover these oxides as a dilute nitric acid. The 
waste sulfuric acid is a syrupy liquid of dark brown color 
and specific gravity 1.61, and it presents a disposal 
problem. 
The origin of the waste waters and the sulfuric acid 
waste are shown in Figure 1 with a present method of dis-
posal of the waters. 
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6 
The present method of disposing of the wash waters 
is an important part of the costs both in the original in-
vestment and operation., Evaporation is practiced only be-
cause no other satisfactory method of disposal is known. 
Recovery of the dinitrotoluene sodium sulfonates in a 
more concentrated solution or as crystalline materials 
would permit the utilization of this nitro g roup nitrog en 
in the synthesis of N methylnitramine22 • 
These are some of the reasons why this problem was 
selected as a re s earch project. 
22Dayis, OPe cit., v I, p. 147 
LITE:RATURE REVIB."W 
The literature pertaining to these wastes is well 
summarized in a recent article by F. W. Mohlman23 , Direc-
tor of Laboratories for the Sanitary District of Chicago. 
" •...• The was te wat ers are of two main types, 
one the acid or yellow water, and the other 
alkaline or red water. These liquors are odor-
less and have no B. O. D., but both, particu-
larly the red waste, have intense colors which 
persist into high dilution. All usual methods 
of treatment, such as chemical precipitation, 
biological trea tment and adsorption by activat-
ed charcoal are unsuccessful, and only chlorin-
ation, evaporation, or dilution remain as pos-
sible methods of disposal. Chlorination great-
ly reduces the color of the acid mixtures, but 
chlorine is hard to get now, even for munition 
works. This leaves only evaporation or dilu-
tion. 
"Evaporation was and is an expensive pro-
cess, costing several thousand dollars per day, 
and requiring critical equipment such as quad-
ruple-effect evaporators and kiln dryers, in 
addition to large amounts of caustic soda. In 
spite of this, facilities for evaporation were 
being installed at all TNT plants, without ref-
erence to the dilution capacity of the stream. 
I1Investigations showed that the required 
dilutions could be determined, with the various 
river waters into which wastes were discharg ed, 
beyond which there would be no harm to wCl,ter 
supplies from color and taste. Other require-
ments, such as freedom from toxicity to fish 
and human beings and freedom from acidity 
could be obtained at considerable lower dilu-
tions than those necessary to eliminate color, 
•.• With flows lower than this minimum, wastes 
must be stored and later discharged at higher 
stream flows." 24 
23Industrial waste disposal. Chern. & Met. Eng. 
v450, no. 2, p. 127 (1943). 
2 Ibid. pp. 128 -129. 
7 
8 
THE DETERMINATION OF COLOR BY BEER'S LAW 
The applicatlon of Beer's Law may be tested by use of 
the colorimeter. The concentrations are inversely propor-
tional to the depth of the liquids compared. The validity 
of this must be established for each system. 
A Duboscq type colorimeter was used for all color 
determinations. Samples of the combined water were diluted 
to correspond to various percentages of the or1ginal water. 
The samples were compared with the water as reoeived a.nd 
the per cent calculated by Beer's Law.· 
Three series of these diluted samples were prepared; 
the first was prepared using boiled distilled water, the 
second was diluted with distilled water adjusted to a pH 
of 1.60 with nitric acid, and the third, wi th distilled 
water adjusted to a pH of 1.60 with sulfuric acid. 
The results of these three series are ;·tabulated in 
Tables 2, 3, and 4 and are graphically represented in 
Figures 2, 3, and 4. 
9 
TABLE 2 
Comparison with Beer's Law 
of Samples without pH Adjustment 
" . Per cent by Per c.ent by pH 
dilution Beer!s ,Law 
100.0 100 1.60 
90.0 · 100 1.68 
80.0 86 1.75 
70.0 72 1.80 
60.0 67 1.83 
50.0 54 1.88 
40.0 47 1.99 
30.0 38 2.05 
20.0 25 2.21 
10.0 13 2.46 
5·0 8 2.80 




Comparison with Beer's Law 
of Samples with pH Adjusted by Nitric Acid 
Per cent by Per cent by pH 
dilution Beer's Law 
100.0 100 1.60 
90.0 85 
80.0 74 
70.0 66 1.57 
60.0 60 
50.0 49 1.55 
40.0 39 
30.0 28 1.58 
20.0 18 
10.0 9 1.65 
-5.0 5 
1.0 1 1.55 
0.0 0 1.60 
12 
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TABLE 4-
Comparison with Beer's Law 
of Samples with pH Adjusted by Sulfuric Acid 
Per cent by Per cent by pH 
dilution Beer's Law 
100.0 100 1.62 
90.0 91 1.62 
80.0 79 1.62 
70.0 70 1.64-
60.0 62 1.62 
50.0 51 1.63 
40.0 40 1.62 
30.0 30 1.62 
20.0 20 1.-03 
10.0 10 1.63 
5.0 5 1.65 
1.0 1 1.65 
0.5 0 1.62 
0.0 0 1.63 
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Results calculated using Beer's Law are highly inac-
curate unless the pH of the solution is ke~t constant. 
This results from the dissolved compounds acting as indi-
cators. Samples diluted with a nitric acid solution of 
pH 1.60 show greater deviations than do those diluted with 
a sulfuric acid solution of the same pH. 
The errors resulting from small variations in the pH 
were desired, and the following series of experiments were 
run to determine the errors. Samples were diluted with a 
sulfuric acid solution (pH 1.60) and divided into two por-
tions. One 20 m1 portion was treated with 10 drops of 1:3 
sulfuric acid, and the other portion with 10 drops of 1;10 
ammonia solution (Sp. G. 0.90). The drops were approximate-
ly 1/50 of a milliliter and should not have caused a volume 
error in excess of one per cent. 
It was concluded that these deviations were of such 
magnitude that they might be neglected without serious 
effect on the results. 
The results are tabulated in Table 5 and graphically 
represented in Figure 5. 
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TABLE 5 
Comparison with Beer's Law 
of Samples with Small Changes in pH 
Per cent by Per cent by pH 
dilution Beer's Law 
50.0 53 1.95 
48 1.28 
40.0 44 1.95 
36 1.28 
30.0 33 1·95 
28 1.28 
20.0 23 1.95 
19 1.28 
10.0 10 1.95 
9 1.28 
5.0 6 1.95 
4 1.28 
1.0 1 1.95 
1 1.28 
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THE PH DETER~INATION 
A Model 3F Coleman pH meter equipped with a g lass 
electrode was used for all pH determinations. 
As dry cell batteries of the original capacities were 
not available, radio batteries of equal voltages were sub-
stituted. No tendency for the standard cell adjustment 
to change more than 0.02 pH units was noted. This was 
checked several times during every series ' of readings. 
The correction for temperature and asymmetrical po-
tential was made with the buffer (pH 4.1) furnished for 
standardization. Readings are given to hundredths of a 
pH unit . only for uniformity in the tables. 
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REAGENTS AND MATERIALS 
Potassium Permanganate 
A solution, containing 0.025 grams per milliliter of 
Mallinckrodt's Analytical Reagent Grade Potassium Perman-
ganate, was prepared by direct weighing. 
Sulfuric Acid 
Unless otherwise specifically stated, all references 
to sulfuric acid shall be understood as the reagent grade 
of specific gravity 1.84 and containing 93.19 per cent 
sulfuric acid (Oil of Vitriol) • 
Activated Charcoals 
The activated charcoals used throughout the research 
are the commercial varieties offered for sale by the var-
ious lila:nufacturers. · 
The activated charcoals were screened to give an 
estimate of the surface area. 
Standard Tyler Screens were used and the samples were 
sieved in the ttRo-Tap" for ten minutes. The samples used 
were 25 grams. 
These results are tabulated in Tables 6 and 7 as per 






































Screen Sizes Minus 
42 65 100 150 200 200 
Per Cent Retained 
0.0 0.6 1.0 3·0 7.6 87·5 
0.0 0.0 0.0 0.8 17.2 82.0 
0.3 0.6 1.3 4.0 16.8 76.5 
0.0 0.0 0.0 0.0 8.4 91.6 
0.1 7·3 11.8 14.8 16.2 49.0 
o .D 0.1 2.6 8.2 13.6 74.5 
0.1 2·7 5·2 9.4 13.0 69.4 
2.8 11 •. 1 12.0 14.2 12.3 46.0 
0.0 0.0 0.1 5·0 11.0 83·0 
0.0 1.1 1.9 3·1 4.9 89.0 
0.1 3.6 3.6 7.6 13·5 71·5 
10.3 35·5 9.6 0.9 0.8 0.7 
0.0 0.0 1.0 3·1 7.4 88.5 
0.1 1.4 1.4 2.0 3.3 92.0 
0.0 0.9 3.9 12.7 27.0 55.4 
KEY 
1 Harsaw Cliff Char 
2 Dow' 8 C1iffchar Fine 
3 Dow's C1iffchar Coarse 
4 Burrell Cocoanut Pulverized 
5 Mallinckrodt Decolorizing Carbon 
6 Nuchal' C-190 N 
7 Nuchal' 000 
8 Nuchal' #2 
9 Nuchal' C-115 N 
10 Darc 0 G-60 
11 Darco S-51 
12 Dica1ite Kyrite 
13 Dicalite M-23 
14 Dalgger's Bone Charcoal 
















8 12 20 28 
Per Cent Retained 
0.0 26.8 52.0 
49.8 13·0 7.0 
13.7 58 ·5 27.7 
47.3 41.4 8.2 
36.4 39.7 0.8 
KEY 
1 Dow's Cl1ffchar 10x30 
2 Dow's Cl1ffchar 4xlO 









4 Burrell Activated Charcoal 6-14 
5 Sargent Carbon Super S11cher 
(1) The last figure represents minus the previous 






Insoluble Salts of the Colored Compounds 
An insoluble double decomposition product resulting 
from the colored compounds and an inorganic salt was 
sought. The following salts were used: aluminum nitrate, 
ammonium nitrate, antiomony sulfate, barium chloride25 , 
bismuth sulfate, cadmium nitrate, calcium nitrate, chromic 
nitrate, chromouS acetate, cobaltous nitrate, cupric 
acetate, ferric chloride, ferrous ammonium sulfate, lead 
nitrate, lithium chloride, magnesium chloride,manganous 
sulfate, mercuric chloride, mercurous nitrate, nickelous 
chloride, sodium chloride, stannic chloride, stannous 
chloride, strontium chloride, and zinc acetate. No de-
crease in color was observed. 
Absor~ion with Flocculent Precipitates 
Aluminum sulfate, ferric sulfate, and sodium alumina~ 
did not noticeably decrease the color when used as coagu-
lants. 
Adsorption with Activated Charcoal 
Activated charcoals made by several different concerns 
were tested. Although the different activated charcoals 
did show differences in adsorptive capacity, they did not 
act selectively. All the results indicated this method as 
a possible one for removing the color. 
25Muraour, OPe cit., p. 370, reports an insoluble 
barium salt. 
Chemical Oxidation 
Combined water samples- resulting from a partial ad-
sorption were easily decolorized on heating with bromine 
22 
wateT or with prolonged potassium permanganate treatment. 
The use of potassium permanganate followed by charcoal 
did not compare f~vorably with the use of charcoal first. 
Combined water samples as received were not completely de-
colorized by potassium permanganate in acid solution or 
bromine water under the conditions of these tests. 
Extraction of the Colored Compounds 
Numerous organic liquids were tested as selective 
solvents for the colored compounds in combined water as 
received and acidified. 
The acids, ethers, halides, ketones, - hydrocarbons, 
and nitro substituted hydrocarbons showed no solvent prop-
erties. The alcohols and higher organic (iso) aliphatic 
esters showed solvent properties increasing with tempera-
ture and acidity of the water layer. 
A continuous extraction of the type suggested by 
Marshal1 26 was used for the complete extraction of yellow 
water and combined water acidified with waste acid. 
26 . Chern. News. v 143, p. 235 (1931). 
23 
ACTIVATED CHARCOAL PROPERTIES 
Proced~re 
Throughout the study of activated charcoals a uniform 
procedure was maintained as closely as possible. This pro-
cedure is given ·here and the minor variations shall be call-
ed to attention throughout the thesis. The activated char-
coals were weighed with an accuracy of 0.2 milligram and 
transferred to beakers. Samples of 25 m1 size were acidi-
fied with 7.5 parts per thousand of sulfuric acid and added 
to the activated charcoals. These samples were stirred 
until completely wetted. Time was taken as zero when they 
were placed on the sand bath. During the one hour on the 
sand bath the samples were stirred every fifteen minutes. 
At the end of the test, the samples were immediately 
filtered. The final volume was recorded and each was 
diluted to its original volume with distilled water. 
The pH was determined by the glass electrode and the 
sample compared colorimetrically with a prepared standard. 
Effect of Time 
The only changes in the procedure were the initial 
heating of the water samples to sand. bath temperature and 
the stirring every five minutes during the first half hour. 
Thirty minutes appears sufficient time for the adsorp-
tion. Additional adsorption is probably the result of 
evaporation. 
The results of these tests are tabulated in Table 8 
and graphically represented in Figure 6. 
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TABLE 8 
The Effect of Contact Time on Adsorption 
in Slightly Acidified Samples of Combined Water 
Sample Time Per - cent Per cent pH 
Number Reduction Color 
in Volume 
1 1 min. 22 17.7 1.25 
2 3 min. 14 16.6 1·35 
3 5 min. 31 17.6 1.26 
4 15 min. 26 16.7 1·32 
5 30 min. )6 14.2 1·30 
6 45 min. 41 14.5 1.25 
7 60 min. 42 14.9 1·30 
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Effect of Temperature 
One series of samples was treated at room temperature 
and a second series at sand bath temperature. The proce-
dure agrees with the standard procedure. 
The effect of temperature decreases with an increase 
of activated charcoal. The temperature, over the range 
investigated, aided adsorption, but these curves probably 
meet when an excess of charcoal is present. 
The results of these tests are tabulated in Table 9 




Effect of Temperature on Adsorption 
in Slightly Acidified Samples of Combined Water 
Series Temper- Parts per Thousand of Nuchar C-190 N 
Number ature 2. 4. 6. 8 • 10. 
1 Room 84. 88. 84. 82. 83· F.V. % 
1.27 1.25 1.21 1.27 1·31 pH 
73.6 46.8 31.4 23·7 17.1 % Col. 
2 Sand 81. 80. 81. 82. 82. F .V. % 
bath 1.11 1.09 1.06 1.23 1.28 pH 
35.7 21.6 18.8 15.2 12.5 % Col. 
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Effect of Agitation 
One group consisting of two series was treated in .a11 
respects by the standard method. A second group was air 
stirred instead of hand stirred. The air was filtered 
through glass wool and each supply controlled by a screw 
clamp. One series from each was treated at sand bath temp-
erature and the other series from each group at room temp-
erature. 
The air ag itated samples show a general increase in 
adsorption. This increase is greater for the samples at 
room temperature than for the samples at sand bath temp-
erature. Samples at the room temperature do not receive 
any agitation other than the periodic stirring; this stir-
ring appears inadequate. Samples at the sand bath temper-
ature are stirred by the bubbles during the treatment and 
the slight increase most likely results from the decrease 
in volume caused by evaporation. A slight temperature 
difference is to be expected as a result of the evapora-
tion. 
The results of these tests are tabulated in Table 10 
and graphically represented in Figure 8. 
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TABLE 10 
The Effect of Agitation on Adsorption 
in Slightly Acidified Samples of Combined 
Water Heated on the Sand Bath and at Room Temperature 
Sand Bath 
Series Parts per Thousand of Nuchar C-190 N 
Number 4. 10. 20. 40. 60. 
3 61. 66. 55. 54. 49. F.",. % 
Air 1~30 1.24 1·38 1.45 1.52 pH 
Agitated 22.2 11.0 6.0 1.2 Colorless % Col. 
4 80. 82. 62. 57· 
80. p.p.t. 
46. F.V. % 
Hand 1.09 1.28 1·32 1.38 1.55 pH 
Stirred 21.6 12·5 7.3 1.1 Colorless % Col. 
Room Temperature 
Parts per Thousand of Nuchar C-190 N 
2. 4. 6. 8. 10. 
5 90. 90. 93· 88. 86. F.V. % 
Air 1.20 1.21 1.22 1.26 1.20 pH 
Agitated 48.2 31.3 25.6 17·1 14.4 % Col. 
1 84. 88. 84. 82. 83· F.V. % 
Hand 1.27 1.25 1.21 1.27 1·31 pH 
Stirred 73.6 46.8 31.4 23~7 17~1 % Col. 
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Effect of Acidification 
All conditions of the experiments were maintained 
co·nstant except the amount of sulfuric acid which was 
varied. 
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For any particular amount of activated charcoal, add-
ing sulfuric acid reduces the per cent of color remaining 
in solution. Additions of more than 7.5 p.p.t. of sulfuric 
acid to the combined water shows only small increases in 
adsorption. The addition of sulfuric acid to the red 
water has a pronounced effect on adsorption, but this 
effect becomes smaller with increasing concentration. 
Results for combined water with Nuchar C-190 N are 
shown in Table 11 and Figure 9. Results for red water 




The Effect on Adsorption of Adding Sulfuric 
Acid to Samples of Combined Water Treated 
One Hour at the Sand Bath Temperature 
Series P.P.T. Parts per Thousand of Nuchar C-190 N 
Number O.V. 2. 4. 6. 8 . 10. 
6 0.0 82. 84. 82. 83· 82. F.V. % 
1.72 1.69 1.70 1.66 1.68 pH 
46.3 30.0 22.0 15.0 14.7 % Col. 
7 2·5 80. 80 . 82 . 78 . 76. F.V . % 
1.55 1.65 1.64 1.66 1·58 pH 
36.1 23·5 18 .6 14.8 13·5 % Col. 
8 7.5 81. 80. 81. 82. 82. F .V. % 
1.11 1.09 1.06 1.23 1.28 pH 
35.7 21.6 18.8 15.2 12.5 % Col. 
9 12·5 67. 66. 65. 64. 62. F .V . % 
1.06 1.06 1.05 1.15 1.18 pH 
32.8 18 .3 17.8 14.1 12.1 % Col. 
10 25·0 86. 83· 79 · 76. 76. F .V. % 
0.90 0.91 0.96 0.89 0.88 pH -
33.6 21.0 18 .5 14.0 13.4 % Col. 
11 50.0 ' 82. 81-. 83· 77· 77. F.V . % 
0.72 0 .70 0.75 0.59 0.66 pH 
28.0 20.0 18 .6 14.9 12.6 % Col. 
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TABLE 12 
The Effect on Adsorpt:ion of Adding 
Sulfuric Acid to Samples of Red W~ter 





4 Parts per Thousand 
Nuchar C-115 N 
0.00 1.48 7·35 
76. 75· 72. 
62. 53· 46. 
22. 44. 74. 
72. 67. 80. 
38. 29. 25. 
p.p.t.O.V. 
F. V. % 
% Color 
p.p.t.O.V. 
F. V. % 
% Color 
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ACTIVATED CHARCOAL TESTS 
Selecting all conditions most favorable to color ad-
sorption, and following the adopted procedure, all of the 
charcoals on hand were tested. Variable quantities of 
charcoal were used as follows: 4, 20, 40, 80, 120, and 
160 p.p.t. 
Nuchar C-190 Nand C-115 N were studied in more de-
tail and were used as reference charcoals. 
These reference charcoals reduced the colors of the 
yellow water and the combined water to 1% of the original 
color and the water was essentially colorless. The red 
water must be reduced to 0.1% of the original to be color-
less. 
The red water requires more charcoal for decoloriza-
tion per unit volume than does either of the other waters. 
The yellow water requires the least amount of charcoal per 
unit volume of solution. Data were obtained for the quan-
tity of charcoal necessary for decolorization using a 
single treatment and for a countercurrent, double, and 
triple treatments. In each of these cases, the quantity 
of charcoal consumed for reducing the color to 1 % of the 
original color was decreased. 
The r e sults of these tests are tabulated in Tables 13, 
14, 15, 16, and 17. The data is also graphically present-
ed on log-log plots in Figures 12, 13, 14, 15, and 16 on 
pages 48, 49, 50, 51, and 52. 
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TABLE 13 
Results for Nuchar C-190 N in Combined 
Water Acidified with 7.5 Parts per 
Thousand of Sulfuric , Ac1a 
Series Parts per Thousand of 'Charcoal 
Number 2. 4. 6. 8. 10. 20. 
8 81. 80. 81. 82. 82. 62. F.V. % 
1.11 1.09 1.06 1.23 1.28 1.32 pH 
35·7 21.6 18.8 15·2 12.5 7.3 % Col. 
Parts per Thousand of Charcoal 
24. 28. 32. 36. 40. 80. 
12 64. 64. 62. 59. 57. 46. F.V. % 
1·30 1.36 1·38 1.43 1·38 ' 1.55 pH 







Results for Nuohar C-115 N in Combined 
Water Acidified with 36.7 Parts per 
Thousand of Sul~ur1c Ac1d 
Parts per Thousand of Charcoal 
4. _ ~O. 24. 28. 32. 36. 
79 • 69. 76. 69. 72. 72. 1.21 1.34 1.26 1.29 1.29 1.24-
28. 7.8 6.5 5.0 3.3 2.8 
Parts per Thousand of Charcoal 
40. 44. 48. 80. 
56. 70. 65. 50. 
1.40 1.34 1.32 1.52 














Results for Nuchar C-115 N 1n Red 
Water AC1d1fied with 36.7 Parts 
per Thousand of Sulfuric Ac1d 
Parts per Thousand of Charcoal 
0.4 4. 12. 20. 28. 
72. 77. 75 • 74. 70. 0.74 0.80 0.82 0.83 0.89 
46. 26. 10.6 5.9 3.9 
Parts per Thousand of Charcoal 
36. 44. 52. 60. 68 
63. 66. 60. 53 • 58. 0.91 0.92 0.91 Q~96 0.95 
2.5 1.,6 .; . 1.3 0.85 0.67 
Parts per Thousand of Charcoal 
76. 84. 92. 
56. 56. 4-9 . 
0.95 0.96 1.01 













Results for Nuchar C-115 N in Yellow Water 
Not Acidified 
Series Parts per Thousand of Charcoal 
Number 0.2 0.4 0.8 2.0 2.8 
12d 84. 76-. 85. 84. 84. F.V. % 
0.94 0.91 0.87 0.82 0.91 pH 
79 • 67. 60. 51. 35 • % Col. I 
Parts per Thousand of Charcoal 
3.6 4.0 6.0 6.8 8.0 
12e 84. 88. 85· 84. 85. F.V. % 
0.95 0.86 0.95 0.88 0.91 pH 
28. 26. 16.2 8.3 5.9 % Col. 
Parts per Thousand of Charcoal 
8.4 9.2 10.0 10.8 11.2 
12f 82. 81. 80. 77 • 84. F.V. % 0.81 0.88 0.91 0.85 0.89 pH 
5.0 3·5 1.95 1.56 1·51 % Col. 
Parts per Thousand of Charcoal 
11.6 12.0 20.0 
12g 83. 78. 74. F.V. % 
0.90 0.92 0.95 pH 
1.26 0.60 Colorless %.' 001. 
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TABLE 17 
Results for Activated Charcoals other than the 
Reference Charcoals in Combined Water Acidified 
with 7.5 Parts per Thousand of Sulfuric Acid 
Serles Number Parts per Thousand of Charcoal 
4. 20. 40. 80. 120. 160. 
13 Dow's 68. 63. 71. 62. 56. 46. F.V. % 
Cllffchar 1·32 1.34 1.45 1.69 2.0 2·5 pH 
R-F1ne 40. 11.2 5·8 0.71 Colorless % Cql. 
14 Dow's 74. 73 • 63. 44. 47. 44. F.V. % Cliffchar 1·30 1.35 1.47 1.82 2.40 4.28 pH . 
R-Coarse 44. 12.5 7.0 0.60 0.67 1·3 % Col. 
15 Dow's 79 • 77. 64. 57 • 40. 30. F.V. % Cliffchar 1.28 1·32 1.46 1.60 1.85 2.07 pH 
10-30 mesh 82. 28. 9.1 3.1 0.79 0.76 % Col. 
16 Dow's 76. 80. 66. 58. 50. 46. F.Y. % 
Cliff char 1.25 1·31 1.35 1.60 1.82 2.0 pH 
4-10 mesh 83.0 55 • 23· 6.7 2.2 1.2 % Col. 
17 Nuchar 76. 70. 66. 38. 31. F.V. % 
000 1.22 1.36 1.40 1.70 1.90 pH . 
30. 9.5 2.9 Colorless % Col. 
18 Nuchar 70. 63. 62. 50. 37· F.V. % 
#2 1.21 1.37 1.42 1.68 1.84 pH 
40. 11·3 5·7 0.42 Colorless % C61. 
19 Darco 63. 54. 63. 55. 47. F.V. % 
8-51 1.18 1·.27 1·33 1.45 1.54 pH 
43. 15.1 7.8 2.8 Colorless % Col. 
20 Darco 65. 66. 62. 46. 39 • F.V. % G-60 1.22 1.23 1.30 1.41 1.40 pH 
35. 10.5 5.3 Colorless % Col. 
21 Harsaw 67. 49. 66. 57. 47. 38 • F.Y. % 
C11ff Char 1.28 1.34 1.46 1.66 1.9.6 2.39 pH 
40. 11.6 6.6 0.92 Colorless % Col. 
22 Carbon, 60. 62. 51. 38 • 28. 20. F.V. % Mal1inckrodt 1·31 1.~7 1.49 1.68 .: 1.~O 2.06 ~H Decolor1z1ng 28. 8. 2.9 0.43 Coiorless o Col. 
43 
TABLE 17 (Continued) 
Results for Activated Charcoals other than the 
Reference Charcoals in Combined Water Acidified 
with 7.5 Parts per Thousand of Sulfuric Acid 
Series Number Parts per Thousand of Charcoal 












































72. 60. 64. 
1.27 2.592 1.34 














































51 • 60 • F • v. % 
1.80 1.94 pH 


























73. 59. F.V. % 
2.203 2.623 pH 
2.8 0.92% Col. 
66. F.V. % 
1.22 pH 
30. % Col. 
45. F.V. % 
1.81 pH 
Trace % Col. 
lAd Jus ted to a pH of 1.4 with H2S04 for coler com-
~arison • 
. AclJusted to a pH of 1.3 with dilute H2SO4 for color 
comparison. 
3Adjusted to a pH of 1.6 with dilute H2SO4 for color 
comparison. 
A study of the adsorption data shows that they con-
form approximately to Freundlich's equation until about 
7% of the original color remains, when it deviates sharply. 
This deviation indicates that less charcoal is required 
than is predicted by the equation. Checking determinations 
have substantiated these deviations. 
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Langmuir's Equation 
A simple case of adsorption is cited in one of the 
physical chemistry texts 27 • The original derivation of this 
equation was for g ases being adsorbed on a plane surface 
having identical elementary spaces capable of adsorbing 
only one molecule28 . The equation is given in a slightly 
modified form for solutions. 
If the variables and constants be represented by the 
following symbols: 
x be the per cent of the original color removed 
per unit weight of adsorbent 
y be the per cent of the orig inal color remaining 
a and b be constants 
then at equilibrium the following relationship constitutes 
Langmuir's equation. 
x : y/(a by) ( 1) 
This hyperbolic equation can be arrang ed to a linear form 
if the reciprocals of 'x' and 'y' be plotted. 
a/y b = l/x 
The widespread use of this equation necessitates a 
graphical representation of at least one set of data with 
it. This is presented in Figure 11. 
27Getman, Frederic H, and Farrington Daniels. 
Outlines of theoretic chemistry. 6th ed. New 
York, John Wiley & Sons, Inc., 1937. p. 223-224. 
28 Langmuir , Irving. The adsorption of gases on 
plane surfaces. J. Amer. Chern. Soc. v 40, 
pp. 1368-1371 (1918). 
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The graph shows a marked deviation from this equation as 
would be expected. 
Freundlich's Equation for a One Stage Treatment 
A purely empirica129 relationship exists between the 
amount adsorbed per gram of adsorbent and the residual col-
or. If the amount adsorbed be represented by 'X' , the 
amount of the adsorbent as 'M', and the remaining color by 
, 0', the following relationship holds with a reasonable 
accuracy. 
XIM : KCl/N (30) 
'K' and 'liN' are constants; the former may have any value 
but the latter usually lies between 0.1 and 0.7(31 ). The 
value of the exponent increases with temperature and ap-
proaches a value of 1 (32) Freundlich shows several sys-
tems which do not conform to the equation in his article, 
but these were for gaseous adsorption. 
This equation lends itself to graphical representation 
on log-log paper. The logarithmic form is: 
log (X/M) = log K + liN log C (4) 
This form results in a straight line if the 'log(X/M)' be 
plot ted agains t 'log C I on ord inary graph paper or if 'X/M' 
be plotted against 'c' on log-log paper. 
The tests on activated charcoal have been graphically 
represented in Figures 12, 13, 14, 15, and 16. 
29Freundlich, H. (Paul Mahler,Trans.) Jerome 
Alexander, ed. Colloid chemistry. New York, 
Chemical Catalog Co., Inc., v I, p. 575, (1926) 
301.bid. , p. 575. 
31 Ibid. p. 575. 
j2 Ibid • p. 576. 
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Calculations for the One Stage Treatment 
After sufficient data are plotted to establish the 
validity of the equation, the slope, 'liN', may be calcu-
la.ted and the intercept 'K' found. The logarithmic equa-
tion lends itself to calculation with logarithms. 
log M = log X - log K - liN log C 
A log-log slide rule accomplishes the same result and 
permits calcul ation in the following form. 
M = xl ( KCI/N) ( 6) 
Graphical Solution of the One Stage Treatment 
The Darco Corporation has copyrighted the "Darcographll33 
which solves the logarithmic equation graphically. A 
sketch of this solution is given in Figure 17. This con-
sists of log-log graph paper 
with a reference line in real-
i ty the 1 ogar i thirn of 'X' or 
the logarithim of I (100 - C) I • 
The data is plotted by use of 
a movea.ble scale with the same 
logarithmic modulus. The re-
maining color is the abscissa 
C 
Figure 17 
scale and the carbon doseage plotted down from the reference 
curve with the scale. Once the adsorption isotherm is es-
tablished, the residual color is located and the difference 
. 33Darco Corporation, 60 East 42nd Street, New York, 
New York. 
between the reference curve and the adsorption isotherm is 
read with the scale; this value is the carbon doseage. 
Nomograph for the One Stage Treatment 
A nomograph was located in the literature for the sol-
ution of the Freundlich equation for the group 'MK'34. This 
nomogra.ph did not permit calculations to a res idual color of 
one per cent, or a complete solution for the doseage. 
This nomograph has been extended to calculate per cent 
color remaining to one per cent and to solve for the doseage. 
The nomograph type required a separation of variables 
to give a function of the type 
fl(u) + f2(v)·f3(~) = f4(w) . ('5) 
If the original equation be transformed by substitution 
of '(1 - e)I for 'X', rearrangeing and taking logarithms, 
the following equation results. 
log KM + l/N log C = log (1 - Cf) (8) 
The moduli for these scales were selected as 3 inches 
for the 'l/N' uniform scale on the left side and as 3 inches 
for the 'KM' logarithmic scale on the right side. The curve 
of 'e' intermediate between these scales is the result of 
calculating several values of 'KM' for assumed values of 
'liN' and '0'. 
The extension of this nomograph to calculate ' M' is a 
rather simple operation. A nomograph consisting of three 
34Sanders, Marshall T. Calculations for decoloriz-
ing carbons. J. Ind. Eng. Chern. v 15, p. 786 (1923). 
35Lipka, Joseph. Graphical and mechanical compution. 
New York, John Wiley & Sons, Ine., 1918. p.l06. 
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vertical and parallel scales will solve the function 
fl(u) + f 2 (v) = f3(w) (36) (9) 
This form of the solution is started with the log a-
rithmic 'KM' scale. 
log K + log M = log KM (10) 
A selection of modulus for the 'K' scale of 3 inches 
results in the ' M' scale with a modulus of It inches and 
the location of the 1M' scale with distances to the others 
in the ratio of 'KM' and 'K' moduli. 
A nomograph was constructed using these relationships 
and is shown in Figure 18. 
36Ibid. p. 45. 
56 
1000 II1,O()C .1 
FIGURE 18 NOMOGRAPH 800 6000 










100 100 1.0 























f .01 100 
... 
57 
Freundlich's Equation for a Two Stage Treatment 
WASTE ONCE FRESH 
CHARCOAL USED CHARCO AL 
INFLUENT EFFLUEN T 
Co C 1 CF 
Figure 19, Countercurrent Treatment Flow Sheet 
Freundlich's equation may be applied twice to a two 
stage process where 
Ml' M2 are the respective carbon doseages for 
a one and a two stage treatment 
Co is the influent color, usually called 100% 
Cl' Cf are the respective per cents after the 
first and second treatment 
(Co - Cf )/M2 = 
( Cl 
and by proportion 37 
(01 - Cf)/(Co - Cf> = Cfl/N ICll/N 
A second derivation allows a relation of one stage 
(11) 
( 12) 
treatment to the two stage treatment. Writing the one 
stage treatment equation in terms or the two stage symbols 
(Co - Cf)/Ml = KerliN (14) 
37 Sanders , op. cit., v 20, p. 792, 1928. 
The combination of equations (11), (12), and (14) yields 
an equation relating colors to the charcoal doseages. 
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(01 - Cf)/(C o - Cf) = M2/M1 = Cf1/N/C11/N (38) (15) 
Calculations for the Two Stage Treatment 
The value of the intermediate color concentration 
may be calculated by trial and error and the carbon dose-
age calculated with a knowledge -of the single stage dose-
age39 • 
After the intermediate color concentration has been 
found, the two stage doseage will be the single stage 
doseage to produce the intermediate color. This permits 
the use of any of the previous single stage calculations. 
Graphical Solution of the Two Stage Process 
A graph of per cent of the single carbon doseage re-
quired for the two step plotted against the slope of 'l/N' 
for various values of 'Cf' may be calculated from equation 
(15). The Darco Corporation used this method for calcu-
lating the two stage doseage with a graph of per cent on a 
uniform scale and liN on a scale very closely approximated 
by a logarithmic scale. The final color concentration 
may be easily interpolated between the almost parra11e1 
constant effluent curves. 
38Ibid. 
39Ibld. 
v 20, p. 792. 
v 20, pp. 792-793. 
A second graphical process 
for calculating the intermediate 
color concentrations is somewhat 
similar to a stripping tower de- 0 
sign40 • See Figure 20 for a 
graphical diagram. Equations (11) 
and (12) may be rewritten and 




(Co - Cf)/Cll / N = M2K 
(Cl Cf)/Cfl / N - M2K 
( 16) 
(17) 
These equations may be equated and a third equality 
results by subtraction of these two. 
(Co - Cf)/Cl l / N = (Cl - Cf)/Cf l / N 
= (Co Cl)/(Cll/N - Cfl/N) (18) 
These conditions are met by the similar triangles 
formed by the stepwise construction. This may be applied 
to any number of countercurrent adsorptions if the 
Freundlich equation applies to the entire range. 
In use, one locates 'Cf' at the base and assumes a line 
terminating at • Co'. If it takes exactly two steps, the 
intermediate color is read and the ratio of activated 
charcoal calculated by equati~n (15) or any other which 
it is desired to use. If this requires more or less steps 
to produce the desired result, a new assumption must be 
made until the desired color removal 1s produced by the 
desired number of stages. 
40Ibid. V 20, pp. 792-793. 
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Another graphical method similar to this one is dis-
cussed under the non-ideal cases, but may be used in the 
ideal cases just as easily. 
A Nomograph for the Two Stage Treatment 
The solution for the intermediate color requires 
either a trial and error process or gra,phical methods and 
may be solved by a nomograph for the ratio 'C2/Cl" This 
nomograph was located in the literature but did not include 
one per cent41 • 
A separation of the variables was necessary to in-
clude one per cent. The following separation becameap-
parent only after a trigonometric substitution and sev-
eral rearrangements. 
1 - (C2(Cl/C2 - l)/(Co - C2»(01/02)1/N (19) 
1 - (02/(00 - 02»«Cl/C2 ) - 1) (Cl/C2)1/N (20) 
log 1 = 0 = log(02/(00 - 02» ~ log«Cl /C2) - 1)+ 
liN 10g(Cl/C2 ) (21) 
° - (log(02/(C O - C2»/(10g Cl /C2»-I-
(log«Cl /C2 ) - 1)/log(Cl /C2 » + liN (22) 
° = (fl(OO/C2»(f2(Cl/02» + f3(Cl/C2) + f4(1/N) (23) 
This equation is of the form given in equation (7), and 
is solved by a nomograph of a type similar to the previous 
one. 
The modulus of the uniform 'l/N' scale was selected 
as 3 inches and the modulus for the non-uniform scale 'log 
C2/(C o - 02) was selected as 2.3 inches and calculated. 
4lIbid. v 20, p. 793. 
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Repeated calculations for the same '02/01 ' ratio produced 
the curved center scale by use of the method of intersec- ' 
tions. This nomograph is a part of Figure 21. 
A second nomograph very easily solves the carbon 
doseag e if the single treatment doseage and desired color 
of the effluent are known. 
For this nomograph, the equation (15) is written as 
follows: 
(24) 
This equation is adaptable to a square chart whose 
type equation is 
The rearrangement of the equation serves better to 
show the scale required in terms of the known conditions. 
M2/Ml = «01/0 2) - 1)/«00/02) - 1) (26) 
M2/Ml - «1 - O2/01)/(02/01))((02/00)/(1 - 02/00») (27) 
The latter equation may be represented in mathematical 
notation by 
fl(M2)/f2( Ml) = f3(02/ 01)/f4(02/0 0) (28) 
The moduli were selected as follows: Ml is 8 inches; 
M2 , 40 inches; °2/01, 0.4 inches; and 02/00' 0.08 inches. 
This nomograph i3 il1'.:!luded in Figure 21. 
42Lipka, OPe cit., pp. 68-69. 
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An Outline for the Nomographic Solutions 
The one stage treatment requires the values of 'K' and 
'liN' be obtained from the laboratory data. The nomog raph, 
Figure 18, is solved by aligning 'liN' with 'Cf' and locat-
ing with these 'E]~l'; rotating about 'KMl' to align with 'K' 
gives ' Ml' for this process directly. 
The two stage treatment requires a solution of the 
one stage only to find the carbon doseage. 
The two stage nomograph is solved by aligning 'liN' 
with 'C2 ' and reading the ratio 'C2/Cl'; this ratio is car-
ried to the square chart and aligned with 'C2' and the in-
tersection with the diagonal locates the center of rotation 
for finding 'M2 ' by connecting with 'Ml'. If only per cent 
of single stage doseage is desired 'Ml' may be chosen as 10. 
When the Freundlich Equation does not Apply 
Cases were noted in the literature where an insuffi-
cient number of points were plotted to test the adsorption 
isotherm for extremely low and extremely high concentra-
tions43. 
All activated charcoals tested on these waste waters 
deviated from Freundlich's equation when the color remaining 
was below 5%. In every case less activated charcoal than 
the adsorption isotherm indicates is required. Figures 12, 
13, 14, 15, and 16 show these deviations. 
43Stra.tton, G. W., and D. F. Winkler. Ind. Eng. 
Chern. v 34, p. 605 (1942) 
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A Graphical . Solution for any Number of Stages to Which the 
Freundlich Equation Applies in its Differential Form 
Under ordina ry usag e the Freundlich equation has t wo 
constants; 'K', the intercept, and ' liN' , the slope. This 
integ rated equation app lies only if the data be linea r on 
a log-log g raph. However, in cases like the present one, 
it becomes necessary to calculate a multiple stag e treat-
ment which cannot be calculated exactly by any of the pre-
vious methods. There are no methods recorded in the lit-
erature, to the author's knowledge, which apply when the 
adsorption isotherm does not hold. 
The following method devised owes its origin to two 
sources! the equation developed by Sanders44 and his me-
thod, and the several stage adsorption with fresh charcoal 
in each st ag e briefly covered by Walker, Lewis, McAdams, 
and Gilliland45 , both being for ideal cases where the 
Freundlich equation is assumed to apply. 
If the orig inal data be plotted as 'log x/M' against 
'log C' and it be non-linear, the adsorption isotherm may 
be applied at any point by using the tangent and the i n ter-
cept of the t angent; these being 'liN' and 'K' respectively 
for tha t point. 
The equations corresponding to the t wo stage process 
may be written as are equations (11) and (12); the added 
44Sanders, op. cit., v 20, pp. 792-793· 
45Principles of chemical engineering. New York, 
McGraw Hill Book Co., Inc., 1937. p. 510. 
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subscripts refer to the point at which a tang ent was used. 
(Co Cf )/M2 = KIC11/ N1 ( 29) 
( Cl Cr)/M2 = KfCf l / Nf (30) 
These may be solved for 'M2' and a third equality be 
found by substraction. 
(Co - Cf)/KICll/Nl = (Cl - Cf)/KfCfl/Nf 
- (Co Cl)/(KlCll/Nl - KfCf l / Nf ) (31) 
If two aXes are selected at rig ht ang les and the val-
ues of 'c' plotted vertical l y, the values of 'KCl/N', eval-
uated by tangents at the various values of 'C', may be pl ot-
ted horizontally; the result may be called an equilibrium 
curve. An operating line may be constructed from 'C2' on 
the vertical axis throug h any point to the right of the 
axis intersecting a horizontal line through 'Co' providing 
the angle is greater than the one which is tangent to the 
equilibrium curve. Steps may be constructed by proceeding 
horizontally to the equilibrium curve then vertically to 
the operating line; these steps are repeated until the 
line 'Co' is intersected. When 
the operating line is so chosen 
that the second vertical line 
meets the operating and 'Co' 
lines at their intersection, by 
similar triang les equation (32) 




Fig ure 22 
(Co - Cl)/(KlCll/Nl - KfCfl/Nf) 
= (Cl Cf)/(KfCfl/Nf) 
= (Co - Cf)/KICll/Nl 
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These are the relationships shown in equation (31). It is 
to be remembered these were solved for ' M2' and equated; 
therefore, the slope of this line is ' M2' 46. The values of 
'KcGcl/Nc' were evaluated by tangents at the various points, 
but these tangents are ads orption isotherms at these pOints 
and are e q ual to 'X/M'. Hence~ by plotting the laboratory 
data as 'X/M' against 'G' on ordinary g raph paper, one may 
solve for the countercurrent stepwise activated charcoal 
doseage by using a number of steps e qual to the number of 
stages. All of these solutions become rap id trial and 
error solutions except the sing le stage and infinite stag e 
treatments which are definite solutions . The ratio of 
charcoal doseages a re shown by the slopes. The data for 
Nuchar G-190 Nand C-115 N have been p lotted in this manner 
in Figures 23, 24, 25, and 26. 
• 
46An exactly analog ous solution may be proved 
mathematically by a material palance. 
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CALCULATED ADSORPT I ON TREATAmNTS 
f£very single stage case may be calculated by using the 
a d sorption i s otherm as a t angent to the curve at the desired 
final color. These need not be tang ents if t hey intersect 
t he desired p oint and are considered to be of zero slope. 
Tables show t he c a lculated values for the v a riou s 
treatments. The r e sults for the Nuchar's were calculated 
g r aphically in F i g ures 23, 24, 25, and 26. Results for the 
two stage treatments for the others were calculated by the 
adsorp tion isotherm. However, no data supports a linear 
isotherm for Kyrite and Bone Charcoal to 1%. 
Nuchar C-190 N appears to have a slight advantag e over 
the other charcoals tested. 
Calculations s h ow it would be more economical to 
treat the combined water t han to treat t h e y ellow and 
red water sepa rately, but it is noted that the combined 
water has a h i g her acid concentra tion. 
The advantag e in tre a ting comb ined water persists to 
the two stage treat ments but becomes less significant. 
All activated charcoal calcul a tions a re tab ulated in 
Tables 18 and 19. 
TABLE 18 
Amounts of the Various Charcoals Requlred 
to Reduce the Remalnlng Color to 1% of 
the Orlglnal in a Slngle Treatment 
Charcoal Water 
Nuchar C-115 N Red 
Nuchar C-115 N Yellow 
Nuchar C-115 N Combined 
Nuchar C-190 N II 
Dow's Cllffchar .flne tI 
Dow's Cllffchar Coarse If 
Dow's Cllffchar 10x30 " 
Dow's Cllffchar 4xlO N 
Nuchar 000 fI 
Nuchar #2 " 
Darco S-51 II 
Darco G-60 " 
Harsaw's Cllff Char " 
Malllnckrodt Decolorlzing " 
Burrell Cocoanut 6x14 " 
Burrell Coc-oanut Powdered " 
Burrell Actlvated 6x14 " 
Dalgger's Bone Charcoal II 
Dalgger's Decolorlzing· " 
Sargent's Filcher " 
Dlca11te t s Kyrlte n 


























Amounts of the Various Activated Charcoals Required 
to Reduce the Remaining Color to 1% of the 
Original by Countercurrent Treatments 
p.p.t. of Charcoal 
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Charcoal Water Single Two Three Four 
Stage Stage Stage Stage 
Nuchar C-115 N Red 124. 13·3 5.9 4.2 
Nuchar C-115 N Yellow 10.8 4.3 
Nuchar C-115 N Combined 60.3 10.4 
Nuchar C-190 N It 44.0 6.6 4.0 2.9 
Dow's Cliff char 10x30 " 132. 36.4 
Dow's C1iffchar 4x10 11 196. 64.0 
Dalgger' s Bone Charcoal n 4900. 1600. 
Dica1ite's Kyrite " 2540. 320. 
ACTIVATED CHARCOAL--POTASSIUM PERMANGANATE 
TREAT JVlENTS ON COMB INED WA'rER 
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Each of the series numbered 6, 7, 8, 9, 10, and 11 
refers to 40 separate samples. This permitted almost uni-
form temperature and avoided any change in heating arrange-
ment. The eight samples consisting of a vertical series 
were combined, thoroughly mixed and then an aliquot portion 
was withdrawn and diluted to its original volume. The 
color and pH of these samples were determined after dilu-
tion to the original volume. 
After the analysis of the composite solution, it was 
divided into eight equal portions and a definite number 
of milliliters of a potassium permanganate solution con-
taining 0.025 g per ml were added. The samples were stir-
red and placed on the sand bath at zero time. Each was 
stirred every fifteen minutes and at the end of one hour 
removed and filtered. After the final volume, each was 
diluted to the original volume (25 ml), and the pH and 
color determined as before. This process was repeated 
until all the data listed in each table was obtained. 
The results of the charcoal-potassium permanganate 
treatment are su@marized in six tables as follows: 
Table 20 is a continuation of series 6 from Table 11; 
Table 21, of series 7; Table 22, of series 8; Table 23, 
of series 9; Table 24, of series 10; and Table .25, of 
series 11. These results are graphically represented in 
Figures 27, 28, 29, 30, 31, and 32. 
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TABLE 20 
Effect of Potassium Permanganate on 
Combined Water Samples Not Acidified 
Previously Treated with Nuchar C-190 N 
p.p.t. Parts per Thousand of Activated Charcoal 
KMn°4 2. 4. 6. 8. 10. 
0 82. 84. 82. 83. 82. F.V. % 
1.72 1.69 1.70 1.66 1.68 pH 
46. 30. 22. 15.0 · . 14.7 % Col. 
1 73. 58. 74. 68. 67. F.V. % 
1.95 1.90 2.00 2~10 2.05 pH 
33· 26. 20.8 17·5 13·0 % Col. 
2 73 • 74. 78. 76. 73 • F.V. % 2.01 2.02 2.00 2.10 2.09 pH 
19·3 13.7 10.8 7.9 6.25 % Col. 
3 80. 80. 74. 79. 76. F.V. % 
2.05 2.03 2.03 2.06 2.09 pH 
14.2 · 9.0 6.6 3.6 2.71 % Col. 
4 83· 84. 78. 82. 82. F.V. % 
2.11 2.10 2.08 2.11 2.14 pH 
10.6 6.8 3.4- 2.2 1.8 % Col. 
5 83· 86. 77 • 78. 80. F.V. % 
. 2.13 2.06 2.10 2.12 2.19 pH 
8.0 3.8 2.4- 1.6 1.2 % Col. 
6 83. 88. 85. 87. 89. F .V. % 
2.15 2.12 2.14 2.21 2.24 pH . 
4.8 2.5 1.7 1.1 1.1 % Col,. 
7 94. 89. 91. 70. 89. F.V. % 
2.19 2.20 2.20 2.25 2.29 pH 
3.7 1.9 1.2 0.80 0.74 % Col. 
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TABLE 21 
Effe:e t of PotassiumPermanganate on 
Combined Water Samples Acidified with 
2.5 Parts per Thousand of Sulfuric Acid 
Previously Treated with Nuchar C-190 N 
p.p.t. Parts per Thousand of Activated Charcoal 
KMn°4 2. 4. 6. 8. 10. 
0 80. 80. 82. 78. 76. F.V. % 
1.55 1.65 1.64 1.66 1.58 pH 
36. 23.5 18.6 14.8 13·5 % Col. 
1 72. 70. 74. 70. 64. F.V. % 
1.52 1·50 1.51 1.60 1.61 pH 
24. 19.2 17.8 13·9 9.8 % Col. 
2 77· 77· 76. 71. 67. F.V. % 
1·55 1·51 1.61 1·72 1.63 pH 
16.8 10.8 8.9 5·9 5·3 % Col. 
3 82. 85· 75· 78. 73· F.V. % 
1.61 1.58 1.72 1.61 1.69 pH 
14.4 6.8 5.4 3·7 2.8 % Col. 
4 85. 79. 79. 74. 76. F.V. % 
1.60 1.61 1.74 1.70 1.69 pH 
9·2 5·7 3.5 2.2 2.1 % Col. 
5 77· 85· 82. 75· 78. F.V. % 
1.64 1.59 1.73 1·72 1.70 pH 
7.2 3.4 2.5 1.4 1.2 % Col. 
6 82. 88. 82. 82. 82. F.V. % 
1.65 1.62 1.70 1.75 1.10 pH 
6.0 2.8 1·7 1.3 0.86 % Col. 
7 92. 96. 88. 88. 87. F.V. % 
1.68 1.65 1·75 1.75 1.80 pH 
4.7 2.1 1.4 0.94 0.72 % Col. 
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Effect of Potassium Permanganate on 
Combined Water Samples Acidified with 
7.5 Parts per Thousand of Sulfuric Acid 
Previously Treated with Nuchar C-190 N 
p.p.t. Parts per Thousand of Activated Charcoal 
KMn°4 2. 4. 6. 8. 10. 
0 81. 80. 81. 82. 82. F.V. % 
1.11 1.09 1.06 1.23 1.28 pH 
35.7 21.6 18.8 15.2 12.5 % Col 
1 70. 64. 64. 68. 65. F.Il. % 
1.22 1.23 1.31 1.27 1.29 pH 
18.7 16.8 11·3 10.6 7.9 % Col. 
2 73· 71. 56. 75· 80. F.V. % 
1·30 1.29 1.31 1.25 1.28 pH 
12.2 9·5 7.1 5·2 4.2 % Col. 
3 78. 78. 82. 77 • 76. F.V. % 
1.32 1.28 1.30 1.31 1.30 pH 
10.2 6.6 4.5 3·1 2.2 % Col. 
4 80. 76. 75 • 71. 72. F.V. % 
1.33 1.37 1.31 1.30 1·30 pH 
8.2 5.0 2.9 1.7 1.2 % Col. 
5 74. 74. 77. 87. 84. F.V. % 
1.42 1.37 1·33 1.37 1·33 pH 
5.4 3.4 1.8 1.4 0.83 % Col. 
6 76. 80. 74. 81. 95 • F.V. % 
1.35 1·38 1.37 1.34 1.37 pH 
4.6 2.2 1.1 0.98 0.75 % Col. 
7 81. 82. 89· 86. 91. F.V. % 
1·39 1·39 1·32 1.36 1.35 pH 




Effect of Potassium Permanganate on 
Combined Water Samples Acidified with 
12·5 Parts per Thousand of Sulfuric Acid 
Previously Treated with Nuchar C-190 N 
p .p • t • Parts per Thousand of Activated Charcoal 
KIvTn04 2. 4. 6. 8. 10. 
0 67. 66. 65. 64. 62. F.V. % 
1.06 1.06 1.05 1.15 1.18 pH 
32.8 18.3 17.8 14.1 12.1 '1, Col. 
1 52. 57. 40. 43. 45. F.V. '1, 
1.21 1.40 1.30 1.27 1~30 pH 
19.0 12.1 9.1 7.0 4.8 '1, Col. 
2 50. 59 • 38. 52. 50. F.V. ~ 1.29 1.31 1·33 1.25 1.25 pH 
12.0 8.4 5.4 _ 3.4 2·7 % Col. 
3 58 • 64. 54. 58. 54. F.V. '1, 1.31 1.31 1.22 1·31 1.36 pH 
8·5 5.9 2.9 2.0 1.0 % Col. 
4 58. 72. 53· 50. 44. F.V. % 
1.44 1.40 1·35 1·35 1·36 pH 
6.4 3 ·3 1.9 1.0 0.70 % Col. 
5 60. 67. 59. 59. 54. F.V. % 
1.38 1·38 1.40 1.33 1.39 pH 
4.8 2.3 1.0 0.76 0.52 % Col. 
6 53· 68 ~ 60. 59· 56. F . V. % 
1·39 1·31 1.43 1.50 1.35 pH 
3·1 1·7 0.68 0.50 0.45 % Col. 
7 65. 72. 58. 72. 58. F.V. % 
1.45 1.30 1.34 1.40 1·35 pH 
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Effect of Potassium Permanganate on 
Combined Water Samples Acidified with 
25 Parts per Thousand of Sulfuric Acid 
Previously Treated with Nuchar C-190 N 
p.p.t. Parts per Thousand of Activated Charcoal 
KMn°4 2. 4. 6. 8. 10. 
0 86-. 83. 79· 76. 76. F.V. % 
0.90 0.91 0.96 0.89 0.88 pH 
33.6 21. 18.5 14.0 13.4 % Col. 
I 66. 52. 58. 58. 56. F.V. % 
0.89 0.80 0.81 0.91 0.90 pH 
18.0 10.3 7.9 5.6 5·2 % Col. 
2 54. 58 . 68. 64-. 62. F.V. % 
0.94 0.86 0.80 0.90 0.94 pH 
8.9 5·8 5·3 4.1 3·1 % Col. 
3 76. 69. 65· 69. F.V. % 
0.85 0.86 0.85 0.82 pH 
8.6 5.1 3.2 2.0 % Col. 
4 85. 73· 68. F.V. % 
0.80 1.01 0.85 pH 
7.3 3.4 2·3 % Col. 
5 85. 76. F.V./o 
0.80 0.82 pH 
5.4 2.6 % Col. 
6 81. 82. F.V. % 
0.89 0.86 pH 
3·7 1·5 % Col. 
7 85· F.V. % 
0.88 pH 
2.7 % Col. 
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TABLE 25 
Effect of Potassium Permanganate on 
Combined Water Samples Acidified with 
50 Parts per Thousand of Sulfuric Acid 
Previously Tre a ted with Nuchar C-190 N 
p.p.t. Parts per Thous and of Activated Charcoal 
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The color destroyed by the permanganate may be due 
to oxidation of the side chain of toluene base compounds 
or by destruction of the ring structure. Both conclusions 
may be used to explain decolorization. Dinitro derivatives 
should be oxidized to benzoic acid derivatives. If the 
oxidation product is toxic, this treatment accomplishes 
only decolorization, and adsorption or dilution must be 
relied upon to produce a water suitable for discharge into 
streams. 
The addition of sulfuric acid to the sample increases 
the amount of adsorption by charcoal as well as the amount 
of color destroyed by potassium permanganate. A minimum 
of 7.5 pop.to of acid is required for efficient use of the 
charcoal. Slightly better results for the combined treat-
ment with charcoal and permanganate resulted when 12.5 
p.p.t. of acid were added. Some adsorption and oxidation 
were noted when no acid was added as is indicated in the 
tables and graphs. 
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RECOVERY OF ACTIVATED CHARCOAL 
A brief study was made of methods for recovery of 
both the a dsorbed color and the charcoal used in these 
experiments. The used charcoal was treated with a concen-
trated solution of sodium hydroxide in an attempt to free 
the adsorbed materials. Colored compounds were removed 
from the charcoal by this process but only in solutions 
more dilute than the orig inal. Alkaline isoamyl alcohol 
was tried as a solvent with slightly better but indiffer-
ent results. 
Time did not permit the removal of the color by 
steam or heat or the combined effect of steam and heat. 




A large number of tests were made for the extraction 
of this water by essentially immiscible solvents in which 
the colored compounds showed a greater solubility than in 
water. Isoamyl alcohol, isobutyl alcohol, and fusel 011 
showed promise. Isoamyl alcohol was selected for exhaus-
tive tests because of its commercial availability and 
relationship to fusel oil. 
Samples of 50 ml of combined water with various 
amounts of sulfuric acid were treated with diff~rent vol-
umes of isoamyl alcohol. The mixing was performed with a 
spiral stirrer which cleared the sample tubes by approxi-
mately one quarter inch on all radii. The samples were 
stirred at 1000 r.p.m. for ten minutes with the stirrer 
rotating in a direction tending to lift the water layer 
into the alcohol layer. Separation was accomplished by 
the use of a separatory funnel. The standards were a part 
of the large amounts of water prepared for the samples and 
were later saturated with isoamyl alcohol by adding it drop-
wise and shaking in a separatory funnel until the first 
appearance of a second phase. This extraction procedure 
was repeated a second and a third time in some cases, for 
an approximation of multiple contact extraction. 
It was found that on the addition of" 12.5 p.p.t. of 
sulfuric acid to the red water that sulfur dioxide was 
liberated and that a yellow foam-like substance appears; 
this organic compound which separates is soluble in carbon-
90 
tetrachloride, chloroform, carbon disulfide, benzaldhyde, 
isoamyl and isobutyl alcohols but not in ethylene dibro-
mide. 
The addition of sulfuric acid favors the extraction of 
the combined water; the effect of this addition is very 
evident in the first extraction until more than 62.5 p.p.t. 
of sulfuric acid has been added; further additions are 
- without any appreciable effect, though the second raffin-
ate of combined water shows improvement up to and includ-
ing 375 p.p.t. of sulfuric acid. 
The additional volumes of extractant appear beneficial 
in the first extraction of combined water, but the raffin-
ates from the second extraction show very small benefits 
in changing from 50 to 100 v.p.h. of isoamyl alcohol. 
The extraction of the yellow water without acidifica-
tion offers no problem. Almost any desired raffinate can 
be achieved by either of two methods; the increased use of 
solvent or by repeated extractions. 
The extraction process may be stopped at any concen-
tration of color and the remaining color adsorbed by char-
coal. The larg e amount of sulfuric acid would not inter-
fere, but r a ther aid adsorption. 
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The results of extraction of the combined water with 
varying amounts of sulfuric acid by isoamyl alcohol are 
tabulated in Table 26 and graphically in Figures 33 and 
34. 
Red wat~~' strongly acidified with sulfuric acid shows 
the extraction characteristics tabulated in Table 27 and 
are shown by a graph in Figure 35. 
Extraction data for the yellow water as received with 
isoamyl alcohol are tabulated in Table 28 and are shown 
graphically in Figure 36. 
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TABLE 26 
The Effects of Concentrated Sulfuric Acid and 
Varying Amounts of Isoamyl Alcohol on 
the Extraction of Combined Water 
Series p.p.t. Extrac- v'P.h.(l) Isoamyl Alcohol Number HI~~~ tion 20. 50. 100. 32 1st F.V . % 1.08 1.28 1.13 pH 86. 68. 64. % Col. 2nd 86. 82. 70. F.V. % 1.1-1 1.09 1.09 pH 66. 54. 53. % Col. 
33 37·5 1st J' .V. % 
0.70 0.70 0.78 pH 
50. 50. 45. 
..' 
% Col. 2nd 84. 80. 65. F.V. % 
0.69 0.88 0.66 pH 
44. 36. 32. % Col. 
34 62.5 1st F.V. % 
0.62 0.61 0.61 pH 
41. 31. 25· % Col. 2nd 84. 78. 74. F.V. % 
0.65 0.60 0.50 pH 
23. 16.2 12.4 % Col. 
35 125.0 1st 99. 95 • 90. F.V. % 
-3.45 -3.41 -3.40 pH 
51. 35. 25· % Col. 
2nd 95· 87. 78. F.V. % 
-3.50 -3.44 
-3·56 pH 
28. 16.7 12.9 % Col. 
36 375.0 1st 109. 106. 97. F.V. % 
' -4.00 
-3.98 -3.95 pH 
39. 31. 22. % Col. 
2nd 104. 97. 81. F.V. % 
-4.09 -4.10 -4.07 pH 
11.6 7.0 4.5 % Col. 
37 625.0 1st 121. 106. 98. F.V. % 
-4.15 ' -4.30 -4.30 pH 
40. 34. 26. % Col. 
2nd Ill. 91. 71. F.V. % 
-4.27 -4.38 -4.23 pH 
16.7 7.7 8.9 % Col. 
(1 ) V-Olumes of Alcohol 
, . ' 
per hundred volumes of Water. 
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TABLE 27 
The Effect of Varying Amounts of Isoamyl Alcohol 
Used in the Extraction of Red Water Acidified 
with 375 parts per Thousand of Sulfuric Acid 
Series Extrac- Vols. 'Per Hundred of Isoamyl Alcohol 
Number tion 20. 60. 100. 140. 200. 300. 
38 1st 93 • 85. 78. 74. 67. 50. 
-4.20 -4.00 -4.14 -4.10 -4.12 -4.16 
87. 63. 55 • 45. 38. 32. 
2nd 86. 80. 64. 55 • 48. 
-4.04 -4.03 -4.07 -4.00 -3.95 
11.2 5·8 3-·7 3.4 3.4 
3rd 79· 71. 46. 
5.5 3·0 3·0 
95 









96 f~-=I~- r~:~I=~l~+-1~JJs-~+~--I'---+-----r---1 -r-,=_-r--l~-= 
iJ.PJEL LD. -¥-fL5LJ~~r~L-O F __ .5LLE lU R I ~ _...1, CLD 
-+4Be~----+---+--- ----- r.--.-l----+---+---I---+---+-~--~--t-----I-~...IIr- 1---.--.1--.---- .1-----_________ '--_ -, _. ____ _ 
1--'_--~ \ ----~f__ ~--- - -- - - - - - - - --- - - 1----2 _ .\ 
, -- -~--- - ---- ~- - ,--- ' -- ----f---- - - -- ---f----- ' - - -f--- ---c-.----r---- .--
W' L .. f----- -- - -~ --- --- - - -- -- --1---- - . -- ~-- f.-. t--.-:~--r---~-- ~ - - . . - ~~--, -' -- -.----~----. ~- ----- __ ,_'+ ' __ -1 
. g ~ - I :-' 
..;v , -- ,.-'-'.--:- ----- .. , --.----~I------ -, ',---'-- 1__----+-----1--- ----
~ , ", I--- I 
U , . I , r----~ , 5T 
1------ ~ --- '-T---r----.~---!----- .' -- . EKJ IHAC, -0,,-- - - -1-----
-'~-I----'--'9<i:vFH-+\- ,, --+-.----- - --- - , ------ -
'.~ 
f----+~__+-~.._1_-- ._-- 1---.-,.1.--~--+-___+-,--_i_--+-__l....,..--, "'~~ 
~- ~ P~~~...4.(2NO EXT ACT!! N 
-----
, 
_. I Q:" 
' .. , '".,. . \ . ... .. 
, 'V , :~ J:4 ,' , ~-rs' ~~I '\I [ 1 l; 1 ~ ~'h: IHi1 I : 
I ' 1' 1 ' .. ~ 1 
•• 'f, ~ • I ... "1 I" . . 
~ 1 - : 
, , , i 
, -- - ,._ . . .•. - -t-_· ,. , .. lor .-. 1-- ' 
~ 
.. i " 
I . , - . l ~ ~ - ; 
i .. t i - . 'r- L ., : 1 ;- 1 .. -.~ 
I ' I .. :, , - . I , -:' -/ 
1----~----'--+-_"_4~-r_; _,_- . __+-- + ......... --+-;---t----"-+-----t--~-!-- I---.-.......j---;. , ,-,.-.. -i 
i I; . . t· • -. . . - l 
.. , .
! ,- . 
i . , I c; _ 
: ; , 
I .. • •• 1 .1,_, .~. _., . ; : : r .. . 1 
. I 
I 
; • -1' j -1 l' ."~: . ~ ! .~ . . ' .. -. t r ; I . - . -: . 
J 1 I' I :; : .• 1) I !', ; , . - .. .. : " WI~·Uc ~- ~r~'- L_~~~~~~~~ __ ~~~ ___ ,~__ __ ~~_~,~ 
TABLE 28 
" The Effect o~ Varying Amounts of 
Isoamyl Alcohol used in the Extraction 
of Yellow Water as Received 
Series Extrac- Vols. per Hundred of Isoamyl Alcohol 
Number tion 20. 60. 100. 140. 200. 300. 
39 1st 94. 94. 92. 81. 76. 61. 
0.62 0.75 0.86 0.89 0.90 0.90 
22.2 _ 7.1 5·5 4.1 2.4 2.6 
2nd 89. 93. 75. 
1.00 0.90 0.93 
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REPRESENTATION OF EXTRACTION EQUILIBRIm~ 
Nernst's Distribution Law 
The distribution law applies only to systems of com-
plete immiscibility and then only as a limiting case. 
The solute concentration in phase one is proportional to 
the solute concentration in phase two. 
Isoamyl alcohol has a slight solubility in water and 
the presence of hydrochloric acid tends to make the two 
miscible, but sulfuric acid does not exhibit such a marked 
effect on the solubility of isoamyl alcohol in water. 
The data shown in the extraction section do not agree 
with the ideal distribution law as applied to a double 
contact extraction. 
Graphical Representation 
If a basis of 100% be selected in some definite 
weight of solvent, it becomes possible to calculate the 
per cent extracted per gram of solvent, provided the ex-
tracting weight of the solvent is that used in treating 
the arbitrarily assumed weight of water. An approximate 
relationship by volume may be used provided the amount of 
solute involved is small enough to cause a negligible 
change in volume. This may be extended to a system of very 
slight solubilities if the extracting solvent is saturated 
with the raffinate solvent and the raffinate solvent is 
saturated with the extracting solvent. 
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ISOAMYL ALe OHOL--WASTE WATERS 
DISTRI BUTION RAT IO 
Throughout this distribution study every per cent has 
b een calcula ted to per cent per milliliter of s a tura ted 
solvent. The a lcoh ol was s a tura ted with distilled wa ter 
and t he was te water was s atur a ted with a lcohol. These 
conditions a re those usually encountered in countercurrent 
extraction with reflux. 
The samples of red and comb ined water were acidified 
with 37.4 parts per t h ousand of sulfuric acid and then 
saturated with alcohol. The yellow product which sepa-
r a ted on acidification of t he red water redissolved when 
t h e water was satura ted with a lcohol. 
The samples of was te wat er wer e introduced into 50 rnl 
o il sample bottles a nd t he a lc ohol was added. After se-
curely clos i ng t h e mou ths of the bo t t les with c or ks , t he 
bottl es were t ap ed to a fo ur b l ad e p ropellor. 
The samples were rot a ted a t approx i mately 50 r.p. m.; 
this speed p ermits the liquids to thoroug hly mix. After 
t wenty minutes of a g i t8,t ion., t h e samples were removed and 
the extract and raffina te were separated. The r affinate 
was compared colorimetrically with a sample wb ich wa s 
satura ted with alcohol by a simila r ag itati<:n process. 
All of t h ese waters can be extracted if acidified; 
the red water i s the most difficult, the yellow water the 
easiest, and tbe comb ined water intermediate between the 
red and yellow waters . Any water may be extracted more 
easily if sulfuric acid is a dded. 
The equilibriwn curve for yellow water and isoamyl 
a lcohol shows a very surp rising "hump" which is further 
sub stantiated by the previous extractions. 
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The results of these distribution tests are tabulated 
and g r a phically represented as follows: combined water in 
Ta.ble 29 , and Fig ure 37; red water in Table 30 and F i g ure 
38; and yellow water in Table 31, and Fig ure 39. 
TABLE 29 
Distribution Equilibrium Data for Isoamyl 
Alcohol and Combined Water Acidified with 



























































(1) This sample was run for ten minutes in the stirrers 
pr~viously used. . 






Distribution Equilibrium Data for Isoamyl 
Alcohol and Red Water Acidified with 
36.8 Parts per Thousand of Sulfuric Acid 
Sample Aleo:p.ol Final 
Number v.p.h. Color 
IE 0.2 98.6 
2E 0.6 88.1 
3E 1.0 84.8 
4E 1.8 85·2 
5E 3.4 83.8 
6E 19.4 74.6 
7E 59.4 62.4 
8E 200. 43.7 
9E 400. 38.6 
10E 500. 35·1 
llE 1500. 30.0 
_ . . 0 
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Distribution Equilibrium Data for Isoamyl 
Alcohol and Yellow Water as Received 
Sample Alcohol Final 
Number v.p.h. Color 
12E 0.3 86. 
13E 0.8 83· 
14E 1.2 76. 
15E 1.6 72. 
16E 2.0 70. 
17E 2.4 67. 
18E 2.8 60. 
19E 4.0 45. 
20E 6.0 36. 
21E 8.0 34. 
22E 12.0 26. 
23E 28.0 12.5 
24E 60.0 7.6 
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The ratio- of volumes of saturated alcohol to water 
to obtain any desired color by countercurrent extraction 
may be found from the slope of the line connecting the 
original concentration-extract point with the intersection 
of the desired raffinate-fresh solvent pOint. This is a 
slight modification of the Evan's method47. 
Solvent extraction may be used to reduce the color to 
any desired pOint, and the remainder of the color adsorbed 
by activated charcoal. The equilibrium conditions may be 
changed by the amount of acid used. 
Figure 40 is a graphical design to remove seventy-
five per cent of the colored bodies in three equilibrium 
contacts. The slope of the line shows that 0.21 gallons 
of alcohol saturated with water would be required to treat 
one gallon of water saturated with alcohol and acidified 
with 37.4 parts per thousand of sulfuric acid. 
47Perry, John B. Chemical engineer's handbook. 
2nd ed. New York, McGraw Hill Book Co., Inc., 
1941. p. 1243. 
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EXTRACTION WITH ISOM~crL 
ALCOHOL--ACTIVATED CHARCOAL TESTS 
110 
The samples of combined water listed in Table 26 were 
divided into 10 ml portions and three of these portions 
were treated with Nuchar C-115 N. The amount required 
was calculated from Figure 24. One portion was treated 
with ten per cent less than the required, a second with 
the required, and the third with ten per cent more. 
Six 10 m1 graduated cylinders were selected with about 
the same depth for the 10 m1 graduation. Standards were 
prepared with 1.0, 0.75, 0.50, 0.25, and 0.00 per cent of 
the original color. The treated water was diluted to 10 ml 
and compared with these standards. 
All of these adsorption tests are tabulated in Table 32 
with a summary of the extraction data. More complete ex-
traction data may be found in Table 26. 
III 
TABLE 32 
Adsorption with Activated Charcoal 
of the Isoamyl Alcohol Raffinates 
Series v.p.h. F.V. % -10% Calc'd 10% 
Number Alcohol 
33 20 84 0.0 16. 18. 20. p.p.t. 
44. 0.5 0·5 0.5 % Col. 
50 80 0.0 13. 14. 15. p.p.t. 
36. 0.5 0.25 0.25 % Col. 
100 65 0.0 9. 10. 11. p.p.t. 
32. 0.25 0.25 0.0 % Col. 
35 20 95 0.0 11. 13· 14. p.p.t. 
28. 0.5 0.25 0.25 % Col. 
50 87 0.0 6. 7. 8. p.p.t. 
16.7 0.25 0.25 0.25 % Col. 
100 78 0.0 4. 5· 6. p.p.t. 
12.9 0.25 0.25 0.25 % Col. 
37 20 III 0.0 8. 9. 10. p.p.t. 
16.7 1.0 0·5 0.25 % Col. 
50 91 0.0 3.6 3·8 4.2 p.p. t • 
7.7 0.75 0.5 0.75 % Col. 
100 71 0.0 2.4 2.6 2.8 p.p.t. 
8.9 1.0 0.5 1.0 % Col. 
POTASSIUM PERMANGANATE--ISOAMYL ALCOHOL 
TESTS ON COMB INED WATER 
112 
A study was made of d.ecolorizing the waters by first 
oxidizing a part of the color by varying amounts 'of potas-
sium permanganate and then removing additional color by 
solvent extraction. In this series, 50 ml samples were 
acidified with sulfuric acid and then treated with 5, 10, 
and 15 ml of the standard potassium permanganate solution. 
They were thoroughly mixed, placed on the sand bath for 
one hour, and stirred at fifteen minute" intervals. The 
samples were filtered, evaporated on the sand bath to the 
original volume (50 ml) and the pH and color determined. 
These samples were extracted with isoamyl alcohol 
and the raffinates tested as in the previous extraction 
series. No water was added to the raffinates to bring 
them back to their original volumes, but the color and 
pH were taken at the final volume. 
The addition of sulfuric acid slightly increased the 
amount of color destroyed by the potassium permanganate. 
The addition of sulfuric acid increases the quantity of 
color removed by the isoamyl alcohol when used alone or 
following a potassium permanganate trea.tment. The graph 
readily shows the most desirable volume of solvent that 
should be used in treating a given volume of combined 
water. 
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The results of these combined treatments are summa-
rized in Tables 33, 34, and 35, and graphically in Figures 
41, 42, and 43. 
The results of potassium p ermanganate without any 
extraction are shown graphically in Figure 44. 
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TABLE 33 
The Effects of Varying Amounts of Potassium Permanganate 
and Isoamyl A~coho1 on Combined Water Acidified with 
12.5 Parts per Thousand of Sulfuric Acid 
Series p.p.t. Extrac- v.p.h. Isoamyl Alcohol 
Number KMn°4 tion o. 20. 50. 100. 
32 0 1st F.V. % 
1.04 1.08 1.28 1.13 pH 
100. 86. 68. 64. J6 Col. 
2nd 86. 82. 70. F.V. % 
1.11 1.09 1.09 pH 
66. 54. 53 • . % Col. 
40 2·5 1st F.V. % 
1.11 1~10 1.20 1.18 pH . 
33· 23. 19.9 16.9 % Col. 
2nd 82. 83· 76. F.V. % 
1.13 1.15 1.16 pH 
15·8 16.2 14.4 % Col. 
41 5·0 1st F.V. % 
1.10 1.20 1.19 1.17 pH 
12.7 9.4 7.6 5·9 % Col . 
2nd 87. 82. 72. F.V. % 
1.11 1.16 1.21 pH 
7.5 5.4 3·8 % Col. 
42 7·5 1st F.Y. % 
1.13 1.20 1.23 1.20 pH 
9.5 6.8 5·0 4 .3 % Col. 
2nd 87. 76. 70. F.Y. % 
1.20 1.21 1.22 pH 
3.6 3.6 2.0 % Col. 
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TABLE 34 
The Effects of Varying Amounts of Potassium Permanganate 
and Isoamyl Alcohol on Combined Water Acidified with 
37 .5 Parts per Thousand of Sulfuric Acid 
Series p.p.t. Extrac- v.p.h. Isoamyl Alcohol 
Number KMn°4 tlon O. 20. 50. 100. 
33 0 1st F.V. % 
0.76 0.70 0.70 0.78 pH 
100. 50. 50. 45. % Col. 
2nd 84. 80. 65. F.V. % 
0.69 0.88 0.66 pH 
44. 36. 32. % Col. 
43 2·5 1st F.V. % 
0.81 0.75 0.81 0.81 pH 
29. 17.3 13.0 11·5 % Col. 
2nd 85· . 86. 74 • F.V. % 
0.65 0.82 0.72 pH 
13·0 9·9 6.7 % Col. 
5·0 1st F.V. % 
0.60 0.91 0.83 0.79 pH 
13·2 9.5 5.2 4.4 % Col. 
2nd 87. 82. 70. F.V. % 
0.75 0.81 0.70 pH 
4.9 3·1 2.0 % Col. 
45 7·5 1st F.V. % 0.81 0.83 0.83 0.91 pH 
8·3 5.4 3·2 2.8 % Col. 
2nd 81. 79. 68. F.V. % 
0.77 0.70 0.84 pH 
2.8 1·3 1.5 % Col. 
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TABLE 35 
The Effects of Varying Amounts of Potassium Permanganate 
and Isoamyl Alcohol on Combined Water Acidified with 
62.5 Parts per Thousand of Sul~uric Acid 
Series p.p.t. Extrac- v.p.h. Isoamyl Alcohol 
Number KMn°4 tion O. 20. 50. 100. 
34 o. 1st F.V. % 
0·52 0.62 0.61 0.61 pH 
100. 41. 31. 25· % Col. 
2nd 84. 78. 74. F.V. % 
0.65 0.60 0.50 pH 
23· 16.2 12.4 % Col. 
46 2.5 1st F.V. % 
0.50 0.59 0.62 0·50 pH 
31. 11.6 8.8 6.9 % Col. 
2nd 88. 84. 69. F.V. % 
0·51 0.55 0.61 pH 
6~2 4.6 4.4 % Col. 
47 5·0 1st F.V. % 
0.49 0.69 0.69 0.61 pH 
10.8 5·0 3.4 3·5 % Col. 
2nd 90. 80. 67. F.V. % 
0.62 0.68 0.53 pH 
2.1 1.4 0·73 % Col. 
48 7.5 1st F.V. % 
0·53 0.71 0.69 0.56 pH 
5·9 1.9 1.0 0.82 % Col. 
2nd 87. 80. 56. F.V. % 
0.51 0.60 0.55 pH 
1.3 0.82 0.13 % Col. 
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RECOVERY OF ISOAL~L ALCOHOL 
Isoamyl alcohol is a relatively expensive solvent and 
its use in a solvent extraction process requires that it 
be recovered and used repeatedly_ A series of experiments 
were performed to study the recovery of the solvent. 
The isoamyl alcohol extract from the red and combined 
water was subjected to distillation. The distillate was 
essentially isoamyl alcohol provided the distillation was 
not carried to a point where sulfuric acid acted as a de-
hydrating agent forming unsaturated hydrocarbons. Amylene 
was identified as one of the unsaturated decomposition 
products. 
The effect of sulfuric acid was entirely removed when 
it was neutralized with an excess of sodium bicarbonate. 
Distillations proceeded smoothly and 80% of the alcohol 
was recovered. The addition of sodium bicarbonate to the 
extract produced an insoluble precipitate which did not in 
any way interfere with the distillation. The residue from 
alkaline distillation was always completely soluble in 
water whereas the oily material remaining from distilling 
highly acid extracts was entirely immiscible with water. 
The distillate from the yellow water extract was 
slightly yellow in color, indicating an incomplete sepa-
ration. This would indicate the necessity of neutralizing 
the yellow extract before recovering the solvent. 
Attempts to remove the color from the alcohol by an 
alkaline water solution were unsueeessful. A highly 
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colored water solution was obtained. 
Treatment of extracts with solid potassium hydroxide 
precipitated an insoluble mass, but the extract retained 
its yellow color. 
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SUGGESTED TREATMENT 
A study of the laboratory results would indicate that 
activated charcoal adsorption offers a satisfactory method 
of decolorizing the combined water which method should be 
economical and result in a tremendous saving in the cost of 
plant installation. 
A two stage countercurrent adsorption system would 
probably be the most desirable and the following sugges-
tions are made regarding plant construction. 
A series of wood treating tanks of desirable ca.pacity 
may either be set into the ground or on the surface and 
connected suitably for countercurrent treatment. The ad-
sorption should be carried on at an elevated temperature 
with mixing; these conditions may be accomplIshed by thQ 
use of live steam for about one-half hour. 
It will be preferable to treat the combined water 
after it has been acidified with waste aCid, decolorized 
by activated charcoal, equivalent to at least 7.5 p.p.t. 
of sulfuric acid (Sp. G. 1.84). 
Nuchar 0-190 N is recommended for the combined water 
treatment and the application of 6.6 p.p.t. of this char-
coal will produce an effluent with 99% of the color re-
moved. Much less activated charcoal is required to pro-
duce an efflue~t in which 75% or less of the color is re-
moved. A three stage countercurrent system may be designed 




The waste waters from a trinitrotoluene plant may have 
most of the color removed by: 
1. Potassium permanganate 
2. Potassium permanganate and extraction 
3. Extraction 
4. Extraction and adsorption 
5. Adsorption and potassium permanganate 
6. Adsorption 
Hydrous oxides were ineffective in removing the col-
ors from the waste waters. 
Solvent extraction satisfactorily separates most of 
the colored compounds with ease. A more comprehensive re-
search program should be made on this phase of the study, 
i.e., utility and identification of the extracted compounds, 
the effect of temperature, the use of higher alcohols, etc. 
The color may be removed by a single, two, three, or 
four stage countercurrent adsorption. The presence of sul-
furic acid and slightly elevated temperature (80-90oC.) in-
crease the efficiency of the activated charcoal. Equilib-
rium is established at these elevated temperatures in thir-
ty minutes. 
A three or two stage countercurrent treatment with 
activated charcoal offers a possible economic removal of 
color from these waste waters. A suggested three stage 
treatment with an activated carbon is included in the 
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thesis. Smaller quantities of charcoal may be used to re-
duce the color to any pOint that is satisfactory for dis-
posal by dilution with the available water. 
The studies on adsorption by activated charcoal have 
been carried to a point where refinements may be discover-
ed by pilot plant operations. 
Further studies on phases of the adsorption are re-
commended and needed particularly with respect to t he re-
covery of the spent charcoal and its disposal. 
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SUMMARY 
A large number of investigations have been made to 
remove the color from waste wash waters from a trinitrotol-
uene plant. These investigations have involved the use of 
chemical reatents, sorption by hydrous oxides, adsorption 
by activated charcoals, and solvent extraction. 
None of the many coagulants producing hydrous oxides 
materially reduce the color contained in the combined 
water by the methods used. 
Potassium permanganate under certain conditions mate-
rially reduces the color. In no case, was a colorless 
water obtained from combined water when permanganate was 
used alone. 
The per cent color remaining after oxidation with var-
ious quantities of permanganate was reduced by solvent ex~ 
tract ion. Us ing isoamyl alcohol as the solvent, the color 
was reduced in some instances to one per cent of the ori-
ginal color. 
All of the waste waters were treated with immiscible 
solvents in attempting to remove the color. Isoamyl alco-
hol, isobutyl alcohol, and fusel oil were tested. The ex-
traction with isoamyl alcohol was studied intensively and 
equilibrium diagrams were determined. The addition of sul-
furic acid increased the amount of coloring matter removed. 
More color was removed when the pH of the solution was be-
low two. It is possible though not economically feasible 
to reduce the color to one percent of the original by sol-
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vent extraction. Continuous as well as batch extraction 
processes were tested and solvent recovery was studied. 
Partial extraction with iwniscible solvents followed 
by activated charcoal adsorption were used sucessfully in 
reducing the color to one per cent of the original in the 
combined water. 
A dual treatment of the combined waste water with 
activated charcoal followed by oxidation with potassium 
permanganate reduced the color to one per cent of the ori-
ginal. The residual color may be reduced to below one per 
cent or to some greater value. 
Adsorption by activated charcoal gave the most pro-
mising results. Twenty activated charcoals were studied, 
and the two most promising were studied intensively. Ad-
sorptions were most satisfactory from a sulfuric acid medi-
um. The addition of 7.5 p.p.t. of concentrated sulfuric 
acid gave a medium for very satisfactory extraction though 
increased amounts tended to enhance adsorption. Adsorption 
by activated charcoal is increased by an increase in temp-
erature. The adsorption was complete at sand bath tempera-
tures in less than thirty minutes. Most of the activated 
charcoals used produced an essentially colorless water when 
sufficient quantities were used. A single stage treatment 
for removing the color in combined water to one per cent of 
the original co~or is apparently not economical. 
A two and three stage countercurrent treatment reduces 
the quantity of activated charcoal used to such a point 
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where it may be economically feasible. Much less activated 
charcoal is required if a residual color above one per cent 
is permissible. 
A graphical calculation for the quantity of activated 
charcoal required for reducing the color to any residual 
content has been presented. 
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